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1. Introduction
The socket/residuum interface is a key component in
the determination of the success of transfemoral (TF)
prosthesis fitting. However, fitting of the socket is still
based on the expertise of the prosthetist and femur
motion, relative to the socket was highlighted to be of
importance for the outcome of the acceptance of the
prosthesis (Radcliffe 1977). Few studies have meas-
ured the movement of the femur relative to the
socket. For example, Dynamic Roentgen
Stereogrammetric Analysis was used to measure verti-
cal motion during gait (Papaioannou et al. 2009).
This technique, although accurate, is highly irradiant.
Erikson and James (1973) used X-rays to look at the
relative position of the femur in different leg positions
mimicking gait but X-rays are difficult to use in
dynamic situations (Erikson and James 1973).
Ultrasound, on the other hand, has no known side
effects and can be used for dynamic movements, but
makes the experimental set up complicated. An ultra-
sound study has measured the movement of the
femur relative to the socket during gait in one subject
but ultrasound requires a specific socket (Convery
and Murray 2000). Tang et al. (2015), have attempted
to model the relative movement between the femur
and the socket using 3D motion capture only.
However, the hip joint center for their model was
estimated using a regression equation which is only
accurate to 1.07 cm (Bell et al. 1990).
The present study combines low-dose bi planar X-
rays with 3D motion capture to obtain a subject-spe-
cific 3D model of transfemoral amputated subjects
and multibody kinematics optimization is used to
obtain a prediction of the movement of the femur
relative to the socket during gait.
2. Methods
2.1. Subjects
Following the protocol approved by the Ethics
Committee (Comite de Protection des Personnes,
CPP NX06036), 5 male left transfemoral amputated
subjects participated in this study.
2.2. 3D Motion capture
63 optoelectronic markers were placed on the sub-
jects’ bodies. Acquisition of markers locations in time
was done with an optoelectronic motion capture sys-
tem composed of 13 cameras (Vicon) at 100Hz.
Subjects were asked to walk across the room at self-
selected speed on a plane surface.
2.3. Low-dose bi-planar radiography
Patients underwent whole-body EOS radiography in
the upright position (EOSVR , EOS-Imaging, France),
with the markers from the 3D motion capture still
in place. This was followed by 3D reconstruction
of the pelvis and femur on which anatomical
frames were based. Relative position of markers to
anatomical landmarks was also obtained
for modelling.
Figure 1. Illustration of the residual femur, socket and pelvis
and their anatomical frames.
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2.4. Multibody kinematics optimization
Four markers per segment were used to build and
track the socket and the pelvis frame. A residual
femur was then generated with the center of the fem-
oral head positioned using the bi-planar radiogra-
phies. A ball- and-socket kinematic constraint of the
hip was used to reconstruct the kinematics of the
femur using a multibody kinematics optimization
procedure (Lu and O’Connor 1999) (Figure 1).
2.5. Data processing
The kinematics of the femur relative to the socket
were computed using a zxy mobile axis sequence and
interpreted in the femur anatomical frame.
3. Results and discussion
Across our five subjects, were obtained a mean range
of motion of 4.4 ± 1 for AA, of 5.9 ± 1 for EF
and of 5.6 ± 1.5 for IER (mean ± SD). Figure 2
shows the shape of the curves for one subject. Our
results obtained are in line with those of the litera-
ture. An X- ray study in 25 subjects found a mean
angulation change of 4.8 with, however, variations
up to 16 within the same subject (Erikson and James
1973). An ultrasound study on one subject found
higher mobility with a range of motion of 10 for AA
and 15 for EF (Convery and Murray 2000). Tang
and collaborators obtained a model of the femur
movement relative to the socket in excess of 10 in
EF and less than 4 in AA. The position of the fem-
oral head for their model was, however, only accurate
to the centimeter.
As highlighted by the aforementioned studies, there
is a high variability between results. Many factors are
responsible for this variation, such as the shape, fit
and alignment of the socket, the length and orienta-
tion of the femur in the residual limb and the sub-
ject’s way of walking to prevent pelvic drop. It is
therefore delicate to compare the results obtained to
the literature data but it gives an idea of the magni-
tude of the femur motion. To the best of our know-
ledge, no other study has measured internal/external
rotation of the femur within the residuum during
gait. Our study presents a new method to study the
kinematics of the residuum relative to the socket that
requires a less irradiating imaging technique and no
modification of the socket. It can potentially aid
socket fitting and allow further study of residuum/
socket kinematics.
4. Conclusion
Measurement of femur motion relative to the socket
in gait in TF amputated patients can be a good indi-
cator of prosthesis outcome. Our model, using low
dose bi- planar radiography and motion capture,
Figure 2. Relative kinematic of the virtual femur to the socket for one subject. In blue adduction/abduction (AA), in red internal/
external rotation (IER), in green extension/flexion (EF). Mean and one standard deviation corridor.
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gives a prediction of femur motion (AA, EF, IER) in
line with the sparse results found in the literature.
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